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Summary	
	
Green	 roofs	 and	walls	offer	 great	potential	 to	expand	 the	 living	architecture	 in	Australia.	Our	 study	 shows	 that	with	




Australia	 and,	 given	 past	 patterns	 of	 uptake	 in	 other	 countries,	 this	 may	 mature	 over	 the	 coming	 decade	 or	 two.	
Availability	of	adequate	water	for	irrigation	will	be	critical	in	some	areas.		
A	lack	of	appropriate	policy	and	consistent	policy	approach	to	GRGW	exists	in	Australia.	No	State	has	a	policy	for	GRGW,	
although	 the	 City	 of	 Sydney	 and	 City	 of	Melbourne	 have	 policies	 for	 their	 LGAs.	 NSW,	 Victoria,	 South	 Australia	 and	
Western	Australia	have	guidelines	and	policies	referring	to	GRGW.	Melbourne	and	Sydney	initiated	their	GRGW	policies	
in	 2015	 and	 2012.	 Overall	 there	 is	 a	 lack	 of	 policy	 to	 promote	 living	 architecture	 in	 Australia.	 The	 literature	 review	
(Milestone	 Report	 1)	 and	 international	 case	 studies	 (Milestone	 Report	 2)	 revealed	 various	 incentives	 in	 the	 form	 of	
subsidies,	grants	and	guidance.	Singapore	leads	in	adoption	of	GRGW	with	the	greatest	variety	of	voluntary	measures.	
Singapore	 is	proactive,	marketing	 itself	as	a	 ‘garden’	city	and	 is	 ‘green’	to	attract	 investment,	visitors	and	commerce.	
This	approach	resulted	in	an	805%	increase	in	GRGW	and	a	flourishing	economy.	Toronto	has	the	second	largest	area	of	
GR,	delivered	through	a	mandatory	approach,	commencing	in	2010.	Their	mandatory	program	is	enhanced	with	grants	




and	 ‘Voluntary	 Heavy’	 based	 on	measures	 adopted	 in	 Singapore.	 Our	modeling	 for	Melbourne	 and	 Sydney	 showed	
growth	trajectories	are	substantial	in	all	cases,	but	are	higher	when	there	are	a	mix	of	policies	and	initiatives	in	place.	A	
mix	of	voluntary	and	mandatory,	as	in	Singapore,	lead	to	the	greatest	growth.	However,	adopting	a	Singapore	approach	
is	 unlikely	 in	 Australia,	 as	 there	 is	 greater	 state	 ownership	 of	 buildings	 in	 Singapore.	 The	 second	 key	 finding	 is	 that	
focusing	 on	 ‘new	 build’	 is	 likely	 lead	 to	 more	 modest	 growth	 rates	 in	 the	 short	 to	 medium	 term	 relative	 to	 other	























whether,	 and	how	 far,	mandatory	 and	voluntary	 approaches	 to	 increase	 the	number	of	 green	 roofs	 and	green	walls	
(GRGW)	 in	 urban	 settlements	 have	 succeeded.	 GRGW	 deliver	 benefits	 such	 as;	 improved	 air	 quality,	 attenuation	 of	
storm-water,	 reduction	 of	 the	 urban	 heat	 island	 (UHI),	 space	 for	 social	 interaction	 and	 engagement	 leading	 to	
wellbeing,	 improved	 thermal	 performance	 and	 reduced	 building	 related	 greenhouse	 gas	 emissions,	 space	 for	 urban	
food	 production,	 and	 improved	 biodiversity.	 The	 built	 environment	 contributes	 between	 40-50%	 of	 greenhouse	 gas	
emissions	and	offers	great	potential	for	mitigation	(UNEP	2009).	Typically,	1-3%	is	added	to	the	total	stock	of	buildings	
each	year	through	new	build	(Balchin,	Kieve	and	Bull,	1988;	Kelly,	2009).	Most	existing	stock	will	be	around	for	many	
decades;	 87%	of	 the	 stock	we	will	 have	 in	2050	 is	 already	built	 (Kelly,	 2009).	With	predicted	 temperature	 increases,	






Objective	 1	 of	 this	 research	 was	 to	 identify	 and	 disseminate	 best	 practice	 case	 studies	 and	 this	 was	 achieved	 in	
Milestone	Report	2;	the	case	studies.	These	case	studies	inform	our	recommendations	below	with	regards	to	a	national	









measures	adopted	 in	London,	again	adapted	 to	Sydney	and	Melbourne.	 ‘Voluntary	medium’	 is	 the	 title	of	 scenario	3	
and	is	based	on	measures	adopted	in	Rotterdam.	Finally,	we	consider	scenario	4	‘Voluntary	Heavy’,	which	is	based	on	
measures	 adopted	 in	 Singapore	 and	 adapted	 to	 suit	 Sydney	 and	 Melbourne.	 The	 scenarios	 are	 based	 on	 growth	
trajectories	observed	in	each	of	the	cities	where	the	approach	was	implemented.	
Objective	3	is	‘to	collect	data	from	overseas	on	the	construction	and	maintenance	costs	of	green	roofs	and	walls	to	assist	
in	 building	 a	 value	 proposition	 and	 business	 case	 for	 living	 architecture’.	We	 address	 this	 objective	 by	 consolidating	
findings	from	a	broad	review	of	sources	where	the	cost	and	benefits	of	green	roofs	have	been	estimated.	In	this	process	
we	not	 only	 identify	 and	quantify	 key	 sources	 of	 value,	we	 also	 identify	 opportunities	 for	 further	 research	 and	data	




The	 evaluation	 and	 discussion	 of	 the	 modeling	 and	 our	 key	 findings	 from	 the	 overall	 project	 follow.	 The	 report	
concludes	with	evaluation	and	discussions	and	our	recommendations	as	to	the	next	steps.		 	




research	 reports,	 peer	 reviewed	 journal	 and	 conference	 papers,	 local	 government	 policy	 papers	 and	 frameworks,	
website	information.	In	Milestone	Report	2;	the	Case	Studies;	data	was	collected	from	a	number	sources	including	face	
to	face	and	telephone	interviews	and	site	visits.		
In	 this	 final	 report,	 the	methodology	 for	 the	 scenario	modeling	 comprised	 data	 collected	 from	 additional	 literature	






utilise	 the	 observed	 growth	 trajectories	 in	 each	 of	 the	 four	 scenario	 benchmark	 cities.	 This	 is	 because	 the	 observed	




the	 costs	 and	benefits	 of	 green	 roofs	 have	been	 conducted,	 both	 in	Australia	 and	overseas.	While	we	 found	a	 large	
number	of	reports	and	studies,	only	a	few	of	them	provide	the	necessary	detail	to	extract	reliable	estimated	of	the	cost	
and	benefits.	From	these	studies	we	identified	six,	which	were	the	most	comprehensive,	and	we	report	the	high	level	
findings	 from	 them	 and	 summarise	 the	 key	 sources	 of	 value	 in	 terms	 of	 cost	 and	 benefits.	 The	 advantage	 of	 this	
approach	is	we	are	able	to	identify	that	substantial	data	is	missing	for	the	Australian	context	and	provide	suggestions	
for	 future	work.	Appendix	2	contains	a	more	comprehensive	 list	of	 sources	of	 information	about	cost	and	benefit	 to	
assist	industry	stakeholders	to	build	a	value	proposition	and	business	case	for	living	architecture.	
	 	


























$50,000	 to	Australian	 residential	property	value	 (AECOM,	2017).	 It	 is	held	 that	wide-scale	adoption	of	GR	 in	Toronto	










They	 have	 increased	 their	 total	 green	 roof	 area	 to	 346,000	 m2.	 Their	 mandatory	 program	 is	 enhanced	 with	












• We	 document	 the	 key	 sources	 of	 value	 in	 terms	 of	 specific	 cost	 and	 benefits.	 We	 find	 evidence	 for	 a	 viable	
business	case	for	retrofitting	extant	buildings	with	living	architecture.	There	are	three	key	business	models,	which	
drive	value.	First,	displacement	of	conventional	 roofs	and	walls	with	 living	architecture	results	 in	energy	savings	
and	value	uplift	for	building	owners	(increased	rent	and	capital	values),	and	increased	life	of	roof	membranes.	Also	
there	 are	 broader	 benefits	 to	 a	 range	 of	 stakeholder	 including	 stormwater	management,	 increased	 air	 quality,	
attenuation	of	urban	heat	island	effect,	carbon	savings	and	increased	biodiversity	and	habitat.	Second,	increased	
amenity	 from	 conversion	 of	 unused	 or	 bland	 space	 into	 usable	 space,	 such	 as	 creation	 of	 accessible	 rooftop	
gardens,	 community	 gardens,	 and	 more	 pleasant	 spaces.	 There	 is	 a	 positive	 mental	 health	 and	 productivity	






data	 on	 the	 costs	 and	 benefits	 of	 living	 architecture,	which	 apply	 to	 different	 roof,	wall	 and	 living	 architecture	
configurations.	 Further,	 there	 are	 few	 sources	 of	 reliable	 data	 comparing	 different	 living	 architecture	 design	
options.	We	also	found	that	it	is	a	common	challenge	internationally	to	quantify	the	benefits	in	a	meaningful	way.	
More	 research	 or	 easily	 accessible	 data	 is	 needed	on	 a	 range	 of	 dimensions,	 including	 (i)	 both	 the	methods	 of	
estimating	the	value	uplift	in	terms	of	rental	and	capital	value	for	property	owners,	and	typical	estimates	of	value	
which	can	be	used	as	inputs	in	specific	business	cases,	(ii)	estimates	of	the	energy	saving	potential	in	the	Australian	
context,	 and	 (iii)	 documentation	 of	 the	 magnitude	 of	 the	 benefits	 from	 increased	 amenity.	 While	 urban	 food	















includes	 the	 wider	 community	 or	 society,	 building	 occupants	 and	 building	 owners,	 building	 investors,	 insurers	 and	
developers.	 The	 benefits	 can	 be	 economic,	 social	 and/or	 environmental,	 all	 to	 varying	 degrees.	 Furthermore,	 the	
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Castleton,	Stovin,	Beck	and	Davison	(2010)	evaluate	green	roofs;	building	energy	savings	and	the	potential	for	retrofit.	















Phase	 Cost	 Value	 Frequency	 Range	 Sources	
Installation	 Green	Roof	
Installation	





Lifetime	 Maintenance	 $2.00/m2	 Annually	 $0.49	-	$2.83	 (GSA,	2011;	McRae,	2016;	Munby,	
2005;	Sproul	et	al,	2013)	
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Table	4	Key	benefits	to	building	owners	from	green	roof	installations	
Phase	 Saving	 Value	 Frequency	 Range	 Sources	

































of	 insulation	 benefits	 would	 differ	 substantially.	 Other	 factors	 include	 differences	 in	 the	 built	 environment	
characteristics,	 storm	 water	 and	 UHI	 characteristics,	 regional	 differences	 in	 storm	 water	 charges,	 the	 effect	 of	 the	
smaller	Australian	market	on	installation	and	maintenance	costs	and	differences	in	tax	and	regulatory	costs.	Given	the	
overall	benefits	 from	GRGW	technology,	 there	 is	a	case	 for	 (i)	 collection	and	collation	of	 information	about	cost	and	





Research	 into	 the	 barriers	 to	 the	 adoption	 of	 other	 sustainability	 focused	 investments	 such	 as	 energy	 efficiency	
initiatives	in	the	built	environment	finds	that,	unless	there	is	a	substantial	value	for	building	owners,	take-up	is	modest	
(Sorrell	et	al.	2000).	This	is	consistent	with	Tayouga	and	Gagnè	(2016)	who	analysed,	which	factors	lead	to	the	adoption	
of	green	 infrastructure.	They	found	that	 financial	 incentives,	education	and	provision	of	ecosystem	services	together,	
consistently	 lead	 to	 the	 uptake	 of	 green	 infrastructure.	 The	 key	 ecosystem	 services	 from	 GRGW	 have	 been	 well	
documented,	 including	 carbon	 sequestration,	 storm	 water	 extenuation	 among	 others	 (e.g.	 GSA,	 2011).	 Given	 that	
building	 owners	 are	 generally	 the	 key	 decision-makers	 under	 voluntary	 schemes,	 it	 is	 necessary	 to	 calibrate	 policy	
initiatives	accordingly	so	that	benefits	to	them	are	well	understood.		
Our	analysis	of	 value	drivers	 indicates	 that	 there	are	at	 least	 three	different	business	models,	 each	of	which	 creates	
value	in	different	ways	for	key	stakeholders,	and	in	particular	building	owners.	The	three	business	models	are:	
• Displacement	(of	conventional	roof	and	wall	space)	value	focused		




There	 is	 no	 doubt	 that	 there	 is	 overlap	 between	 each	 of	 these	 business	 models.	 However	 as	 they	 are	 focused	 on	
different	value	propositions	 the	design	and	use	of	 the	GWGR	 is	different.	Notable	differences	 include	plant,	medium	
and	irrigation	selection	and	maintenance.	Problematically,	the	focus	of	much	of	the	research	into	the	business	case	for	
GRGW	has	focused	on	the	displacement	value	business	model	 (as	 illustrated	by	the	studies	 in	Table	2).	Having	noted	
that,	there	are	a	number	of	detailed	resources	available	to	support	industry	stakeholders	who	have	an	interest	in	the	
other	business	models.	For	example,	Daniel	Winterbottom	and	Amy	Wagenfeld	(2015)	have	complied	a	detailed	book	
on	 ‘Therapeutic	Gardens:	Design	 for	Healing	Spaces”.	Broto	 (2016)	provides	 insight	 into	different	displacement	value	
possibilities,	 in	 the	 book	 ‘Vertical	 Garden	 Design	 Guide	 and	 42	 cases’.	 While	 we	 found	 a	 number	 of	 outstanding	
resources	about	how	one	might	design	a	business	model	 for	urban	 farming	 (e.g.	Ableman	2016;	Hedin,	2015;	Stone,	
2016),	we	found	few	studies	beyond	pilot	test	(e.g.	Wilkinson,	Ghosh	and	Page,	2014).	See	appendix	two	for	a	further	
list	of	data	sources.	
Each	of	 the	 three	business	models	 convey	benefits	 to	 society	at	 large,	but	also	convey	benefits	 to	building	owners	 /	
occupiers	albeit	in	different	ways,	largely	due	to	the	design	and	use	focus	of	the	GRGW	being	different.		












• Mental	 health	 benefits	 such	 as	 reduced	 anxiety	 and	 increased	 community,	 such	 as	 GRGW	 installations	 at	
health	facilities.		
Notably,	the	increased	amenity	value	will	in	many	cases	reduce	some	of	the	other	benefits,	such	as	less	energy	savings	
from	 less	 area	 covered	 by	 living	 architecture.	 On	 the	 other	 hand,	 for	 some	 sites	 the	mental	 health	 and	 community	
benefits	may	be	 substantial.	A	 good	example	of	 this	 is	 the	 installation	at	 the	Wayside	Chapel	 in	Kings	Cross	 Sydney,	
where	the	community	garden	has	a	therapeutic	influence	on	the	at	risk	community	being	supported	at	the	site.	
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anecdotal	 evidence	 suggests	 that	 typical	 urban	 food	 production	 using	 GRGW	 technology	 is	 about	 local	 supply	 to	
boutique	markets,	such	as	growing	food	for	residents	of	buildings	and	local	cafes.	That	is,	food	grown	is	often	used	in	
















there	 is	 the	 largest	 potential	 for	 impact.	 First,	 in	 settings	 which	 have	 achieved	 greater	 levels	 of	 GRGW	 uptake,	 the	






The	 four	 scenarios	are	presented	 in	Tables	5	–	8.	 	Appendix	1	 contains	 further	 information,	which	has	 informed	 this	
analysis.	Given	the	high	growth	rate	of	Scenario	4,	it	was	necessary	to	estimate	an	upper	bound	to	represent	a	level	of	
market	 saturation,	 to	 avoid	 overstating	 the	 potential	 for	 this	 market.	 We	 chose	 a	 conservative	 estimate,	 from	 an	






2017),	 37.27%	of	Melbourne	 rooftops	 are	 suited	 to	 extensive	 green	 roof	 retrofit	 there	 is	 a	 total	 potential	 extensive	
green	roof	area	of	328,000m².	Assuming	the	average	roof	size	is	about	576m²,	this	figure	represents	579	roofs.	Given	






















Voluntary	 12.4%	 375	 85	
Scenario	3	–	Voluntary	medium	
(Rotterdam)	
















































Scenario	1	-	Mandatory	(Toronto)	 9.6%	 123	 194	 307	 485	
Scenario	2	-	Voluntary	light	(London)	 12.4%	 123	 220	 395	 707	
Scenario	3	-	Voluntary	medium	
(Rotterdam)	
17.1%	 123	 271	 595	 1,310	
Scenario	4	-	Voluntary	heavy	
(Singapore)	

















Scenario	1	-	Mandatory	(Toronto)	 9.6%	 28	 	44		 	70		 	110		
Scenario	2	-	Voluntary	light	(London)	 12.4%	 28	 	50		 	90		 	161		
Scenario	3	-	Voluntary	medium	
(Rotterdam)	
17.1%	 28	 	62		 	136		 	298		
Scenario	4	-	Voluntary	heavy	
(Singapore)	

















Scenario	1	-	Mandatory	(Toronto)	 9.6%	 71	 113	 178	
Scenario	2	-	Voluntary	light	(London)	 12.4%	 97	 174	 312	
Scenario	3	-	Voluntary	medium	(Rotterdam)	 17.1%	 148	 325	 714	















Scenario	1	-	Mandatory	(Toronto)	 9.6%	 	16		 	26		 	41		
Scenario	2	-	Voluntary	light	(London)	 12.4%	 	22		 	40		 	71		
Scenario	3	-	Voluntary	medium	(Rotterdam)	 17.1%	 	34		 	74		 	163		
Scenario	4	-	Voluntary	heavy	(Singapore)	 29.8%	 	75		 	277		 >190	
	 	

















Scenario	1	-	Mandatory	(Toronto)	 9.6%	 31	 49	 77	 279	
Scenario	2	-	Voluntary	light	(London)	 12.4%	 42	 75	 135	 375	
Scenario	3	-	Voluntary	medium	(Rotterdam)	 17.1%	 64	 140	 309	 635	
















Scenario	1	-	Mandatory	(Toronto)	 9.6%	 	7		 	11		 	18		 	64		
Scenario	2	-	Voluntary	light	(London)	 12.4%	 	10		 	17		 	31		 	85		
Scenario	3	-	Voluntary	medium	(Rotterdam)	 17.1%	 	15		 	32		 	70		 	145		
Scenario	4	-	Voluntary	heavy	(Singapore)	 29.8%	 	32		 	119		 >82	 >262	
	
	 	




Many	 cities	 adopt	more	 policy	 instruments	 and/or	 financial	 incentives,	 or	 a	 combination	 of	 the	 two	 approaches	 to	
incentivise	green	roofs.	Globally,	 legislation	and	policies	can	originate	at	national	 level	or	state	or	city	or	 local	council	
levels.	Toronto	and	Vancouver	have	made	green	roofs	mandatory	for	new	developments,	with	Toronto	having	financial	
incentives	 if	certain	criteria	are	met.	Chicago	combines	mandatory	and	voluntary	strategies	 including	the	2005	Green	
Roof	 Grant	 Program,	 the	 2006	 Green	 Roof	 Improvement	 Fund,	 the	 2007	 Sustainable	 Development	 Policy,	 the	 2008	
Adding	Green	to	Urban	Design	Plan,	and	the	2015	Green	Permit	Benefit	Tier	Program.	Through	these	instruments,	the	
city	encourages	green	 roofs	 through	both	 financial	and	non-financial	 incentives,	with	 reduced	permit	 fees	or	priority	
development	review.	Additionally,	some	US	and	Canadian	cities	(Vancouver	and	Los	Angeles)	mandate	that	some	new	
buildings	 are	 required	 to	meet	 sustainability	 standards	 contained	 rating	 tools	 such	 as	 the	 Leadership	 in	 Energy	 and	
Environmental	Design	(LEED),	into	which	green	roofs	and	green	walls	can	be	incorporated.	
In	 Switzerland,	 Basel	 has	mandated	 green	 roofs	 for	 all	 new	 and	 renovated	 flat	 roofs	 since	 2002,	 through	 the	 city's	
Building	and	Construction	Laws,	with	subsidies	of	20	Swiss	 francs	per	metre	squared	to	support	the	 initiative.	Basel’s	
total	 area	 of	 green	 roofs	 has	 increased	 to	 100Ha	 in	 2015,	 the	 largest	 area	 per	 head	 of	 population	 of	 green	 roofs	
globally.		Since	2008	Copenhagen	has	mandated	green	roofs	as	a	requirement	of	its	urban	development	strategy,	and	
green	roofs	are	mandatory	for	all	municipal	buildings.	 	Stuttgart,	 in	Germany,	mandated	green	roofs	 in	1986	and	has	
increased	its	total	area	from	6Ha	to	30Ha	in	2015	(Irga	et	al,	2017).	Stuttgart	also	provides	financial	support	for	green	
roofs	 through	the	German	Building	Code.	 In	 Japan,	 the	Tokyo	Green	Plan	2012	mandated	new	private	developments	
greater	 than	 1000	m2,	 and	 public	 buildings	 greater	 than	 250	m2,	must	 have	 at	 least	 20%	 greened	 roof	 or,	 face	 a	US	
$2000	 fine.	 The	 National	 Building	 Law	 2005,	 mandates	 all	 new	 apartment	 or	 office	 buildings	 in	 urban	 areas	 must	




for	 intensive	 and	 extensive	 green	 roofs.	 Government	 policy	 encourages	 green	 roofs	 on	 public	 buildings.	 Financial	
incentives	 include	Policies	JPN1	and	JPN2,	which	promote	green	features	by	exempting	communal	 ‘sky’	gardens	from	
gross	 floor	 area	 and	 site	 coverage	 taxes.	 Singapore	uses	 financial	 incentives	 to	 reduce	 cost	 barriers	with	 the	 Skyrise	
Greenery	Incentive	Scheme	(SGIS)	2009,	providing	up	to	50%	of	the	installation	costs	of	green	roofs.	London’s	approach	
is	 voluntary	 and	provides	 guidance	 and	management	 strategies	 for	 green	 roofs.	 Some	of	 the	City	 of	 London's	 policy	
instruments	with	 regard	 to	GWGRs	overlap,	and	are	 incorporated	 into	multiple	 strategic	approaches.	For	example,	 it	
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Existing	Levels	of	Activity:	GRGW	Policy	and	Programs	in	Australian	Cities		
The	City	of	Sydney	published	a	Green	Roofs	and	Walls	Policy	 in	2014,	a	Green	Roofs	and	Walls	Policy	 Implementation	
Plan,	 and	Environmental	 Performance	Grants	supported	by	Sustainable	 Sydney	2030.	 Information	on	GRGW	benefits,	
barriers	 to	 uptake,	 and	 design	 considerations	 is	 available.	 A	 comprehensive	 resource	 manual	 for	 green	 roofs	 is	
provided,	 as	 well	 as	 leadership	 through	 GRGW	 on	 council	 buildings,	 and	 establishing	 advisory	 committee	 and	 a	











Brisbane	 City	 Council	 provides	the	 Plan	 for	 Action	 on	 Climate	 Change	 2007	 and	the	 Community	 Sustainability	 and	
Environmental	Grants	Program.	Mention	of	GR,	 as	 a	 strategy	 for	 climate	 action,	 is	 in	 the	 climate	 change	policy,	 and	










	 	 	 (Source:	Irga	et	al,	2017).	
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Table	9	GWGR	policies	Australian	State	Capitals			






























































































Another	option	 for	 increasing	 the	 living	architecture	 considered	was	 the	adoption	of	 green	 leases	 in	 the	 commercial	
sector	(Heaton,	2017).	This	is	a	voluntary	mechanism	whereby	landlords	and	tenants	can	agree	to	‘green	lease’	clauses,	
which	aim	to	improve	environmental	performance	of	commercial	office	buildings.	The	clauses	can	be	either	enforceable	
or	 not,	 therefore	 if	 the	 clause	 is	 unenforceable	 and	 the	 tenant	 or	 landlord	 does	 not	 undertake	 the	 commitment	
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outlined,	there	is	nothing	the	other	party	can	do	in	effect.	A	2015/2016	study	of	green	leases	in	Sydney	and	Australia	
(Bright	et	al,	2016)	concluded	that	different	types	of	green	lease	exist,	so	called	light	green,	mid	green	and	dark	green;	
depending	 on	 the	 scope	 of	 clauses	 and	 amount	 of	 enforcement	 permissible.	 Furthermore,	 green	 infrastructure	
provision	 would	 be	 one	 of	 many	 possible	 environmental	 performance	 or	 improvement	 options	 for	 landlords	 and	
tenants	to	consider.	Thus	one	has	to	consider	the	cost	benefit	equation	and	how	likely	tenants,	on	5-year	terms,	would	
be	to	pay	for	GI	measures,	as	they	would	be	highly	unlikely	to	recoup	economic	payback	for	the	investment	during	this	
















conclusion	was	 that	mandatory	measures,	 though	 lower	 in	 the	 amount	 of	 sustainability	 delivered	 on	 a	 per	 building	
basis,	 were	 resulting	 in	 more	 sustainability	 because	 all	 new	 buildings	 had	 to	 comply	 with	 the	 BCA,	 and	 also	 many	
alterations	and	adaptations	to	existing	buildings	triggered	BCA	requirements	 (Wilkinson	et	al,	2017).	Again,	 the	WELL	
Standard	 includes	GRGW	as	an	option	 in	a	 suite	of	measures,	but	 it	 is	an	option	only,	and	owners	are	 free	 to	 select	
other	measures.	Whilst	 some	 increases	 in	 living	architecture	are	 likely	as	 the	WELL	Standard	 is	adopted	by	a	greater	
number	of	owners,	it	will	be	variable	and	is	unlikely	to	be	significant	across	the	whole	market.		
Discussion	and	findings		









and	 green	 walls	 can	 be	 positive	 visual	 symbols	 of	 an	 institutions	 prestige,	 status	 and	 commitment	 to	 a	 more	
sustainable,	resilience	and	liveable	city.	This	driver	may	contribute	to	their	greater	presence	in	inner	city	locations.	
There	 is	 increasing	 popularity	 in	 GWGR	 technology	 in	 Australia	 however	 it	 is	 in	 its	 initial	 stages	 of	 development,	
compared	to	other	countries	such	as	Basel,	where	legislation	was	enacted	in	1996	(Irga	et	al,	2017).	Consequently,	the	
Horticulture Innovation Australia Ltd 22 
numerous	 ecological	 and	 environmental	 services	 the	 technology	 can	 provide	 are	 not	 widely	 comprehended	 by	 all	
stakeholders.	It	is	necessary	to	identify,	articulate	and;	where	possible,	quantify	these	benefits	such	as	increasing	bio-
diversity,	 improving	air	quality,	attenuating	stormwater,	 improving	building	energy	efficiency.	 In	this	way	perceptions	
that	 high	 profile	 projects	may	 be	 costly	 showcase	 designs,	 and	merely	 ‘eco	 bling’	will	 be	 discounted	 (Wilkinson	 and	
Dixon,	 2016).	 Irga	 et	 al	 (2017)	 concluded	 the	 GWGR	 drivers	 in	 Australia	 may	 vary	 compared	 to	 Europe	 and	 North	












possible	 and	 successful	 to	 a	 somewhat	 risk-averse	 industry	 (Perkins	 and	 Joyce,	 2012).	 However	 Irga	 et	 al	 (2017)	
concluded,	 this	does	not	explain	the	variation	 in	adoption	across	the	capital	cities	and	 it	may	be	the	 lack	of	effective	




accommodate	 rapid	 population	 growth	 (estimated	 to	 be	 23.55%	 for	 the	 City	 of	 Sydney	 LGA	 from	2015	 to	 2031	 and	
Melbourne	predicted	to	grow	by	9.63%	between	2016	and	2018).	Using	scarce	water	resources	to	water	plants	in	times	
of	 shortage	 is	 socially,	 environmentally	 and	economically	 unsustainable.	 It	 follows	 that	buildings	with	 green	 roofs	or	




Irga	et	al	 (2017)	concluded	 that	population	size	did	not	correlate	with	 the	number	of	GRGW.	Brisbane	had	 the	most	
GRGW	projects	per	capita,	though	not	the	highest	number	of	GRGW	projects.		They	speculated	that	it	may	be	due	to	a	







al,	 2017b.	 Irga	 et	 al,	 2017),	 it	 is	 apparent	 that	 in	 all	 cases	 the	 outcomes	 were	 positive	 and	 the	 numbers	 of	 GRGW	
projects	increased.		Support	can	come	on	the	form	of	the	council	adopting	the	technology,	as	with	Melbourne	and	CH2	
in	 2006,	 as	 an	 exemplar	 demonstrating	 longevity.	 	 The	 City	 of	 Sydney’s	 policy	 with	 the	 detailed	 technical,	 research	
based	 guides,	 an	 introduction	 of	 standards,	 and	 financial	 incentives	 were	 seen	 as	 very	 effective	 in	 the	 Australian	
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context.	 No	Melbourne	 council	 has	 a	 GRGW	policy,	 however	 a	 partnership	 of	 the	 State	 of	 Victoria,	 four	Melbourne	
councils	 and	 the	 University	 of	 Melbourne,	 produced	 the	 comprehensive	 Growing	 Green	 Guide	 (COM,	 2013).	 This	
resource	is	available	to	the	Greater	Melbourne	councils	to	overcome	the	barriers	limiting	uptake	outlined	by	Williams	et	
al.	 (2010)	and	may	have	contributed	to	 increasing	uptake	 in	 these	councils.	Adelaide	City	Council	offers	more	 limited	
guidance	on	the	installation	and	maintenance	in	their	‘Green	Infrastructure	Guidelines	(Adelaide	City	Council,	2014)	and	








the	 other	 hand,	 uses	 the	 financial	 incentive	 of	 a	 rates	 discount	 for	 properties	 with	 GRs,	 with	 over	 10%	 of	 78	
development	 projects	 having	 green	 roofs	 in	 2013.	 New	 York	 uses	 a	 tax	 abatement	 of	 US$4.50	 per	 square	 foot	 of	
building-integrated	 green	 space	 to	 encourage	 uptake	 in	 green	 roofs	 (Irga	 et	 al,	 2017).	 These	 international	 examples	
illustrate	 that	 supportive	policy	has	 a	positive	effect	 in	 the	uptake	of	GWGRs.	 To	be	effective,	 the	policy	 instrument	
needs	to	be	developed	specifically	for	the	area	(Carter	and	Fowler,	2008).	Some	direct	approaches	may	not	be	feasible	
economically	 or	 politically,	 particularly	 in	 fiscally	 conservative	 cities	 and	 that	 indirect	 incentives	 may	 be	 more	
appropriate	 here.	 The	 City	 of	 London	 provides	 an	 example,	 where	 GRs	 are	 encouraged	 through	 various	 policy	
instruments,	 including	 the	city's	Biodiversity	Action	Plan	2010–2015	wherein	green	 roofs,	walls	and	balconies	 can	be	




the	 knowledge	 and	 expertise	 of	 these	 voluntary	 organisations.	 The	 City	 of	 Los	 Angeles	 public	 works	 Green	 Building	
















enable	 a	 comprehensive	 business	 case	 to	 be	 constructed.	 	 While	 there	 is	 a	 substantial	 business	 case	 for	 GRGW	
investment,	 the	 value	 created	 is	 shared	 across	 a	 range	 of	 stakeholders.	We	 also	 find	 that	 a	mix	 of	 voluntary	 policy	
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initiatives	is	likely	to	enable	vibrant	and	substantial	GRGW	industry.	Our	analysis	suggests	that	mandatory	approaches,	
which	target	new	build,	are	limited	by	the	growth	of	the	sector,	whereas	the	majority	of	growth	is	likely	to	come	from	
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Recommendations	
	




to	 influence	 the	 adoption	 of	 green	 infrastructure	 in	 a	wide	 range	 of	 settings,	 namely	 (Tayouga	 and	Gagne,	
2016):	
o Education	 to	 enhance	 ‘awareness,	 knowledge,	 and	 understanding	 of	 the	 types	 and	 uses	 of	 green	
infrastructure,	 including	 the	 ecosystem	 services	 it	 provides,	 by	 the	general	 public,	 stakeholders,	 and	
policy-	and	decision-makers’	(p.	9).	












Given	that	 there	 is	a	viable	case	 for	 large-scale	retrofit	of	GR,	with	 increases	 in	residential	property	value	with	green	
infrastructure	between	6	to	15%,	with	a	typical	premium	of	$50,000	(AECOM,	2017).	With	wide-scale	adoption	of	GR	
the	UHI	in	Toronto	could	be	attenuated	by	0.5	to	5o	Celcius,	and	as	heatwave	is	a	resilience	issue	for	Sydney,	Melbourne	
and	 Adelaide,	 wide-scale	 adoption	 could	 be	 beneficial	 in	 attenuating	 excess	 heat	 resulting	 in	 fewer	 adverse	 health	
impacts,	 heat	 related	 fatalities	 and	 costs	 to	 the	 healthcare	 system.	 The	 costs	 to	 the	 healthcare	 system	 need	 to	 be	









focus	 on	 developing	 GRGW	 technology	 for	 both	 the	 domestic	 and	 international	 markets.	 There	 is	 an	
opportunity	for	GRGW	technology	to	be	an	alternative	market	for	some	Australian	manufacturing	firms.	





5. Further	 quantification	 of	 the	 CO2	 emissions,	 UHI	 attenuation,	 stormwater	 attenuation	 with	 a	 view	 to	
identifying	which	GRGW	designs	 lead	 to	 the	 greatest	 effect	 in	 the	Australian	 context,	 and	 to	 quantify	what	
level	of	value	could	be	realised.		






8. Develop	 streams	 of	 research	 targeting	 the	 evaluation	 of	 plant,	 growing	 medium	 and	 irrigation	 for	 each	
business	model	to	reduce	the	risk	to	 industry	participants	to	 invest	 in	value	adding	enterprises	and	start-ups	
which	are	also	more	likely	to	succeed.		
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Appendices	
Appendix 1 –	Additional	information	informing	the	modeled	growth	trajectories	for	Sydney	and	Melbourne	 
This	 appendix	 describes	 the	 size	 and	predicted	 growth	 rates	 for	 Sydney	 and	Melbourne	 and	 the	 areas	modeled	 and	
summarises	existing	policy	in	the	LGA	is	also	provided.		
Sydney	




localities	 (see	 table	 A1.1).	 In	 June	 2015,	 the	 estimated	 resident	 population	 in	 the	 local	 area	 was	 205,339	 people,	
representing	 around	 4.2%	 of	 Greater	 Sydney's	 total	 population.	 Between	 2005	 and	 2015,	 the	 local	 area	 population	





























































































































































Melbourne	 is	 Victoria's	 capital	 city	 and	 the	 business,	 administrative,	 cultural	 and	 recreational	 hub.	 Metropolitan	
Melbourne	covers	9990.5	km2,	and	in	2011,	has	a	population	of	around	4.5	million	and	1,572,171	dwellings.		The	City	of	
Melbourne	municipality	covers	37.7	km2	and	has	a	residential	population	of	136,336	(as	of	2016),	which	is	forecast	to	
grow	to	150,874	 in	2018.	 It	 is	made	up	of	 the	city	centre	and	a	number	of	 inner	suburbs,	with	distinctive	characters	
and	with	different	businesses,	dwellings	and	communities	living	and	working	there.	The	City	of	Melbourne's	population	
is	 made	 up	 of	 many	 groups	 of	 people	 of	 all	 ages	 and	 from	 many	 cultures.	 Residents	 include	 young	 professionals,	




25%	 of	 Victoria's	 Gross	 State	 Product	 and	 6%	 of	 Australian	 Gross	 Domestic	 Product.	 There	 are	 455,753	 jobs	 in	 the	
municipality.	 The	 biggest	 industry	 is	 the	 professional,	 scientific	 and	 technical	 services	 sector.	 7.95	 Million	 metres	
squared	of	office	space	and	1.55	Million	metres	squared	of	retail	space	are	provided.		
The	City	of	Melbourne	as	a	council	(Melbourne	City	Council)	oversees	the	municipal	area	that	includes	Melbourne's	city	
centre	 and	 several	 inner	 suburbs.	 As	 a	 capital-city	 council,	 it	 speaks	 on	 behalf	 of	 Melbourne	 in	 local,	 national	 and	
international	forums.		The	City	of	Melbourne	works	with	other	local	councils	and	the	Victorian	Government	to	ensure	
the	 city	 is	 safe,	 healthy	 and	 clean.	 It	 supports	 Melbourne's	 position	 as	 Australia's	 pre-eminent	 centre	 for	 arts	 and	










making	 social	 amenity	 spaces	 such	 as	 green	 roofs	 even	 more	 important	 as	 spaces	 for	 social	 interaction	 and	














and	sprawl	across	 flat	basalt	plains	 to	the	west.	Melbourne	has	a	 temperate	climate	 influenced	by	 its	 location	at	 the	
apex	of	one	of	the	world's	largest	bays,	Port	Phillip	Bay.	
City	of	Melbourne	LGA		
The	 total	 area	 of	 rooftops	 in	 the	 City	 of	 Melbourne	 is	 880,000	 m2	 of	 880	 hectares	 (COM,	 2017).	 As	 only	 a	 small	









apply	to	more	complex	adaptations	such	as	green	roofs.	 Intensive	green	roofs	provide	the	 least	potential	 for	rooftop	
adaptation,	reflecting	the	complexity	of	retrofitting	intensive	green	roofs	on	existing	buildings.	
Cool,	 or	white	 roofs	 have	 a	 similar	 amount	 of	 properties	 identified	 as	 having	 ‘No	Constraints’	 as	 both	 intensive	 and	
extensive	green	 roofs.	When	the	 total	areas	 for	 these	categories	are	compared	however,	green	 roofs	have	 far	 larger	
“No	Constraints”	potential	when	compared	to	cool	roofs,	as	much	as	three	times	the	potential	for	intensive	green	roofs	
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the	greatest	 area	of	opportunity,	 in	 terms	of	 total	 area	and	 the	proportion	of	 roof	 area	within	 the	 suburb,	 is	within	
Melbourne,	 Port	 Melbourne	 and	 Docklands.	 The	 smallest	 area	 is	 in	 the	 suburbs	 of	 Carlton	 North,	 South	 Yarra,	
Kensington	and	Flemington.	The	suburb	of	Melbourne,	 incorporating	the	Hoddle	Grid	has	a	higher	proportion	of	sites	




































































Problematically,	 only	 a	 few	 studies	 contain	 comprehensive	 evaluations,	 which	 quantify	 the	 net	 benefits	 of	 GRGW,	
taking	 into	consideration	the	total	cost	over	the	 life	cycle.	An	example	 is	Kosareo	and	Ries	(2007)	who	do	a	 life	cycle	
assessment	of	green	versus	conventional	roofs	and	find	that	energy	cost	savings	and	longer	roof	life	lead	to	green	roofs	
having	greater	environmental	benefits;	and	are	hence	preferred.	Problematically,	they	do	not	model	the	financial	cost	
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Table	A2.1	-	Costs	associated	with	phases	of	green	roof	life	cycle	











Alumasc	 sales	 representative,	 2009	 2009	 in	 Castleton	 et	 al.,	
2010.	
$215.76/m2	 GSA	2011	
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Table	A2.2	Savings	associated	with	phases	of	green	roof	life	cycle	
Phase	 Saving	 Value	 Source	
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Appendix	4	-	List	of	incentives	used	by	cities	that	have	mandated	Green	roofs	and	walls	
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Ordinance;	Tokyo	2020;	The	Green	
Building	Program	2002	and	Tokyo	
Metropolitan	Condominium	
Environmental	Performance	
Labelling	System;	10	Year	Project	
for	Green	Tokyo	2006;	Japanese	
national	building	law	2005	
incur	US$2000	fine.	The	Green	
Building	Program	assesses	and	
publishes	efforts	made	by	
developers	to	promote	green	
architecture.	Project	for	Green	
Tokyo	provides	tax	incentives.	
Government	leadership	aiming	to	
create	400	ha	of	green	roofs	and	
walls	on	offices,	schools,	hospitals,	
and	in	areas	adjacent	to	roads,	
railroads	and	parking	lots	between	
2006–2016,	making	use	of	green	
fundraising	schemes.	National	law	
requires	all	new	apartment	or	
office	buildings	in	urban	areas	to	
have	at	least	20%	vegetated	
rooftop	
from	5.24	ha	to	
10.44	ha.	
57.2	ha	of	green	
roofs	and	walls	
installed	
between	2007	
and	2010.	
	
	
	
End	of	report		
